Astragaloside IV, hydrogen peroxide, eNOS uncoupling, NF-κB, NADPH oxidase https://mc06.manuscriptcentral.com/cjpp-pubs production and decrease in intracellular superoxide anion production. Furthermore, pretreatment with AsIV increased endothelial nitric oxide synthase (eNOS) dimer/monomer ratio and its critical cofactor tetrahydrobiopterin (BH 4 ) content, decreased Nox4 protein expression, the most abundant Nox isoform in HUVECs, inhibited translocation of NF-κB p65 subunit into nuclear fraction while enhanced the protein expression of IκB-α, the inhibitor of NF-κB p65, reduced the levels of IL-1β, IL-6 and TNF-α in HUVECs medium, and decreased iNOS protein expression,. These results suggest that AsIV may protect HUVECs from H 2 O 2 induced oxidative stress via inhibiting NADPH oxidase-ROS-NF-κB pathway and eNOS uncoupling.
activated eNOS through phosphorylation (Cai et al. 2003b ). However, NO bioavailability is decreased when endothelial cells are continuously exposed to H 2 O 2 for an intermediate time period (Jaimes et al. 2001 ). Study has shown that early H 2 O 2 -induced endothelial dysfunction was associated with a decreased BH 4 level and increased superoxide anion production (Boulden et al. 2006 ).
Furthermore, ROS serve as the common intracellular messengers of nuclear factor-kappa B (NF-κB) activation and plays a critical role in the development of inflammatory response (Olejarz et al. 2014 ). There is increasing evidence that redox-sensitive signaling pathways, such as NF-κB, are involved in oxidative stress-mediated endothelial cell dysfunction (Chen and Mehta 2004) . Moreover, TLR4 triggers activation of MAPK/NF-kappa B signaling pathways to induce iNOS gene overexpression, which could aggravate inflammation (Kang et al. 2013 ).
Astragaloside IV (AsIV), which is used in traditional Chinese medicine, is extracted from the Chinese herb Astragalus membranaceus. Our previous studies confirmed that AsIV can suppressmyocardial hypertrophy and attenuate apoptosis of hypertrophic cardiomyocyte Yang et al. 2013; Zhang et al. 2015) , which may be partially due to its anti-oxidative, anti-inflammatory and anti-apoptotic activities that might be endothelium-protective under pathophysiological conditions. Previous study has been demonstrated that AsIV inhibits H 2 O 2 -induced HUVECs apoptosis by suppressing Nox4 expression (Ma et al. 2015) . Previous study also has shown that the anti-inflammatory activity of AsIV is mediated by inhibition of NF-kappaB activation and adhesion molecule expression (Zhang et al. 2003) . Based on these previous studies, the purpose of our present study is to investigate the protective effects of AsIV against damage of HUVECs induced by 
Determination of viability by MTT assay
The MTT assay is based on the previous study (Jin et al. 2014) . Briefly, cells were cultured at density of 5×10 4 cells/ml in 96-well plates, at the indicated time points after the corresponding treatment, the culture supernatant was removed, and the cells were washed with PBS, then incubated with MTT (5 mg/ml) in culture medium at 37 ℃ for 4 h. After MTT removal, 100µl of DMSO was added to the wells to solubilize the crystals. The absorption values were measured at 490nm using ELISA reader (Perlong Medical, Beijing, China). The viability of HUVECs in each well was presented as percentage of control cells.
Measurement of nitrite/nitrate
Oxidation products of NO (nitrite and nitrate) were assayed as a measure of total NO synthesis (Qiu et al. 2010) . Nitric oxide in the medium of HUVECs was measured using a commercially available nitrite/nitrate assay kit according to manufacturer's instructions. The OD values were measured in 550nm by ultraviolet spectrophotometer (Mapada Instruments, Shanghai, China).
Measurement of cellular superoxide anion production
The intracellular superoxide anion in intact HUVECs was determined by dihydroethidium (DHE) that can be oxidized by superoxide anion. DHE can intercalate into nuclear DNA and yield fluorescent D r a f t 7 ethidium bromide，this dye has been shown to specifically detect superoxide anion in endothelial cells (Cai et al. 2005) . Briefly, cells in 96-well plates were rinsed with phosphate-buffered saline and incubated with 10 µmol/L dihydroethidium in phosphate-buffered saline of pH 7.4, in a light-protected environment at 37 °C. After 30 min, fluorescent microscopic images were obtained using identical acquisition parameters (excitation at 488nm; emission at 610nm) (Leica, Germany). Then the cell fluorescent was detected by the Fluorescence microplate reader at 530nm (Bio Tek, winooski VT, USA).
HPLC analysis for (6R)-5, 6, 7, 8-tetrahydrobiopterin (BH 4 ) content in cell lysates
Measurements of biopterin levels in cell lysates was performed as described previously (Benson et al. 2013; Cai et al. 2005) . Cell pellets from 12-well plates were lysed in cold extraction buffer (50 mmol/L Tris-HCl, 1mmol/L EDTA, 1 mmol/L dithiothreitol; pH 7.4) and then divided equal volumes into two tubes containing alkaline(1 mol/L NaOH) or acid(1 mol/L H 3 PO 4 ). A solution of 1% iodine in 2% potassium iodide was added to each tube. The total amount of biopterin obtained by oxidation in acid condition (BH 4 +BH 2 +B ) and the content of BH 2 and free biopterin (BH 2 +B)were determined in alkaline oxidation using high-performance liquid chromatography with fluorescence detection (350 nm excitation,450 nm emission)(SHIMADZU, Japan). Therefore, BH 4 levels were obtained from difference between total (BH 4 plus BH 2 plus biopterin) and alkaline-stable oxidized (BH 2 plus biopterin)
biopterin. BH 4 levels were normalized to protein concentration. Protein concentration was measured using the Bio-Rad protein assay. Western-blot analysis for eNOS, iNOS, Nox4, p65 and IκB-α Total protein extraction Cells were lysed in Radio Immunoprecipitation Assay (RIPA) Lysis
Measurement of IL-1β, IL-
Buffer (50 mmol/l Tris-HCl, 137 mmol/l NaCl, 10% glycerol, 100µmol/l sodium orthovanadate, 1mmol/l phenylmethylsulfonylfluoride, 10 µg/ml aprotinin, 10 µg/ml leupeptin, and 1% Nonident P-40; pH 7.4) on ice. The lysate was centrifuged at 12,000 g at 4℃ for 15 min and the supernatant were taken into another tubes and stored at -80°C. 
Nuclear-cytosolic protein extraction

AsIV inhibited H 2 O 2 -induced superoxide anion generation in HUVECs
There was an increase in superoxide anion production of HUVECs treated with H 2 O 2 for 24 hours as shown in DHE fluorescence images (Fig.3a) and the OD value at 530nm ( suggesting that AsIV inhibits translocation of p65 into nuclear fraction by increasing protein expression of IκB-α (Fig.6 ). There were no difference between the control group and the AsIV H group. But pre-incubation with different concentrations of AsIV significantly inhibited H 2 O 2 -induced decrease in NO production with the wane of the superoxide anion production and Nox4 protein expression, while increased eNOS dimerization expression with augment of BH 4 , suggesting AsIV could protect
HUVECs from H 2 O 2 -induced injury by inhibiting eNOS uncoupling. In addition, treatment with AsIV alone could increase NO production but have no effect on the protein expression of eNOS. This may be related to the increase of the eNOS phosphorylation but not the eNOS protein expression ).
In addition, NF-κB is one of the transcription factors that may be controlled by the redox status of the cell and p65 is an important subunit of NF-κB which involves in the transcriptional activity of D r a f t 14 NF-κB (De Martin et al. 2000; Li et al. 2006) . Indeed, the endothelial generation of ROS may be a common step in all of the signaling pathways that lead to IκB degradation and NF-κB nuclear accumulation (Yan et al. 2015 ). In our current research, we found that the effect of IκB degradation and NF-κB transcriptional activation in HUVECs induced by H 2 O 2 was inhibited by AsIV, which were consistent with the change of the Nox4 expression and the O 2-generation. The decreased levels of IL-1β, IL-6 and TNF-α were detected in AsIV plus H 2 O 2 groups. As is known, NF-κB could up-regulate iNOS expression, consistent with this, the present results also showed that exposure to Previous studies have been demonstrated that eNOS uncoupling mediated oxidative stress play key role in endothelium-dependent vasomotor response which is associated with the progression of myocardial hypertrophy (Davel et al. 2006) . Our laboratory has been dedicated to the study of the protective effect of AsIV on cardiac hypertrophy. Our previous studies have demonstrated that oxidative stress is the critical factors contributing to apoptosis of hypertrophic cardiomyocyte and AsIV could inhibit ISO-induced apoptosis of hypertrophic cardiomyocyte via anti-oxidation (Mei et al. 2015) .
In current study, we have proved that AsIV also have protective effect on endothelial cells via anti-oxidation and anti-inflammatory, which can effectively inhibit the progression of myocardial hypertrophy to heart failure. In conclusion, the present studies revealed the antioxidant effect of AsIV 
